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(54) Production process of hydrophillc crosslinked polymer 

(57) The present invention provides a production 
process, in which hydrophilic crosslinked polymers can 
be dried uniformly with good efficiency, and the deterio- 
ration during the drying is little. The production process 
of a hydrophilic crosslinked polymer comprises the 
steps of polymerizing an aqueous solution including a 
hydrophilic monomer and a crosslinking agent to obtain 
a hydrogel crosslinked polymer, and drying the hydrogel 
crosslinked polymer, thus obtaining the hydrophilic 
crosslinked polymer, and is characterized in that: the 
hydrogel crosslinked polymer is dried in a static state 
until it becomes possible to disintegrate an aggregate of 
the hydrogel crosslinked polymer; the dried hydrogel 
crosslinked polymer is disintegrated into a particle size 
of 20 mm or less; and the disintegrated hydrogel 
crosslinked polymer is dried in a stirred state and / or a 
fluidized state. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0008] Examples of the hydrophilic monomer in the present invention are water-soluble monomers including an eth- 
ylenically unsaturated group as follows: anionic monomers and their salts such as (meth)acrylic acid, maleic add (anhy- 

s dride), fumaric acid, crotonic acid, riaconic acid. 2-(meth)acryloylethanesutfonic acid, 2-(meth)acryloylpropanesulfonic 
acid, 2-(meth)acrylamido-2-methylpropanesulfonic acid, vinylsulfonic acid, and styrenesulfonic acid; nonionic mono- 
mers including a hydrophilic group such as (meth)acrylamide, N-substituted (meth)acrylamide, 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, methoxypolyethylene glycol (meth)acrylate and polyethylene glycol 
(meth)acrylate; and unsaturated monomers including an amino group and their quaternization products such as N,N- 

10 dimethylaminoethyl (meth)acrylate, N, N<limethy1aminopropyl (meth)acrylate and N,N-dimethylaminopropyl(meth)aCTy- 
lamide. Particularly, (meth)acrytic acid and their salts are preferable. 

[0009] The hydrophilic crosslinked polymer is obtained by polymerizing a solution including the above hydrophilic 
monomer and a crosslinking agent. The concentration of the hydrophilic monomer during the polymerization is prefer- 
ably in the range of 20-50 weight % from a viewpoint of the polymerizabiltty of the monomer or the control of the polym- 

is erization. The above crosslinking agent is not especially limited if it is a crosslinking agent which forms a crosslinking 
structure when or after polymerizing, and its examples are as follows: compounds having 2 or more polymerizable 
unsaturated double bonds per molecule; compounds having 2 or more groups, reactable with a functional group of the 
hydrophilic monomer such as an acid group, a hydroxy! group, and an amino group, per molecule; compounds having 
1 or more unsaturated bonds as well as 1 or more groups reactable with the functional group of the monomer per mol- 

20 ecule: compounds having 2 or more sites reactable with the functional group of the monomer per molecule: and 
hydrophilic polymers which can form a crosslinking structure by graft bonding and so on when monomer components 
are polymerized. Among the hydrophilic crosslinked polymers, particularly, the water-absorbent resin is usually 
obtained as a hydrogel polymer derived from its crosslinking structure, so it is effective to carry out two-step drying 
according to the present invention. The water-absorbent resin in the present invention is a hydrophilic crosslinked pol- 

25 ymer with an absorption capacity of 10 g/g or more for aqueous liquids such as water and urine. 

[0010] In the present invention, drying (first-step drying) of the hydrogel crosslinked polymer obtained by the polym- 
erization is carried out in a static state until it becomes possible to disintegrate an aggregate as formed by aggregation 
of the polymer due to the drying, and then, after disintegrating the aggregate into a particle size of 20 mm or less, further 
drying (second-step drying) is carried out in a stirred state and/or a f luidized state. 

30 [001 1 ] The water content of the hydrogel crosslinked polymer, obtained by the polymerization and provided to the first- 
step drying, is usually in the range of 50-80 weight %, and such a hydrogel crosslinked polymer has strong tackiness 
and aggregates in the midway of drying, so the drying in a stirred state and/or a fluidized state is difficult and it is nec- 
essary to carry out the drying in a static state. The method for the drying in a static state is not especially limited if it can 
dry materials in a static state, and any conventional drying method of batch or continuous type or direct and/or indirect 

35 heating types can be used. Examples are as follows: parallel flow band or tunnel drying machine; through-f tow band or 
tunnel drying machine; vacuum drying machine of static type; and drum drying machine. The through-flow band drying 
machine is especially preferable. 

[001 2] The particle diameter of the above hydrogel crosslinked polymer provided to the first-step drying is generally 
in the range of 0.1-50 mm, preferably in the range of 0.5-20 mm. Especially, it is preferable that 90% or more of the 

40 hydrogel crosslinked polymer has a particle diameter of 0.5-5 mm. 

[001 3] The first-step drying is carried out until it becomes possible to disintegrate an aggregate as formed by aggre- 
gation of the polymer due to the drying. Concretely speaking, the standard is such that the water content is 25 weight 
% or less. The water content is preferably in the range of 8-20 weight % and is more preferably in the range of 10-20 
weight %. In the case where the drying is carried out in a static state until the water content becomes less than 8 weight 

45 %, the drying period becomes long, and further there is a possibility that physical properties might be deteriorated 
because, for example, portions which are partly excessively dried occur and increase the soluble content. In the case 
where the water content is higher than 25 weight % t the tackiness of the hydrogel crosslinked polymer is so high that 
the aggregate of the polymer is difficult to disintegrate, and further, the disintegrated polymer might aggregate again 
during the drying in a stirred state and/or a fluidized state. 

so [0014] As to the condition of the first-step drying, the layer thickness of the polymer is preferably in the range of 
10-200 mm and is more preferably 20-100 mm. In the case where it is less than 10 mm, the productivity is low. Also, 
in the case where it is 200 mm or more, the internal portion of the polymer is hardly dried. The temperature is preferably 
in the range of 120-220 °C and it is preferable to bring the polymer into contact with a hot wind of this temperature 
range. The dew point of the hot wind is preferably in the range of 5-100 °C and the linear speed is preferably in the 

55 range of 0.5-3 m/second. As to the direction of the wind, it is preferable to allow the wind to flow in the direction per- 
pendicular to the hydrophilic crosslinked polymer layer. However, the flow direction is not limited to only one of the 
upward and downward directions, and it is possible to switch the upward and downward directions to each other during 
the drying. As to a belt for mounting the polymer thereon, a metal net and a punched plate can be used. 
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usually used for this usage can be exemplified. 
(Effects and Advantages of the Invention): 

5 [0025] When compared with conventional drying only in a static state, the present invention has advantages in that: 
not only can drying be carried out with good efficiently, but also uniform drying is possible, so a hydrophtlic crosslinked 
polymer having excellent physical properties with little deterioration during the drying can be obtained. Accordingly, the 
present invention is excellent as a production process of a water-absorbent resin which is very suitable for sanitary 
materials such as paper diapers and sanitary napkins. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the invention is not 
15 limited to the below-mentioned examples. 

[0027] In the present invention, the water content and the absorption capacity and soluble content of the crosslinked 
polymer were measured by the below methods. 

(a) Water content 

20 

[0028] About 2.0 g of a particulate sample was measured by thinly spreading it on a container made of aluminum-foil, 
and the water content (weight %) was measured from the weight after drying at 180 °C for 5 hours. 

Water content (weight %) = (weight before drying - weight after drying) / weight before drying x 100 

25 

(b) Absorption capacity of crosslinked polymer 

[0029] About 0.2 g of a crosslinked polymer was uniformly placed into a bag made of nonwoven fabric (60 mm x 60 
mm) and then dipped into artificial urine (comprising sodium sulfate 0.200 %. potassium chloride 0.200 %, magnesium 

30 chloride hexahydrate 0.050 %, calcium chloride dihydrate 0.025%, ammonium dihydrogen phosphate 0.085 %, diam- 
monium hydrogen phosphate 0.015 %, and deionized water 99.425 %). After 30 minutes, the bag was pulled up, and 
swishing water off was carried out at 250 G for 3 minutes by using a centrifuge, and the weight W1 (g) of the bag was 
measured. Also, the same operation was carried out without using the crosslinked polymer, and the weight W0 (g) of 
the bag of that time was measured. According to the next formula, the absorption capacity (g/g) of the crosslinked pol- 

35 ymer was calculated from these W1 and W0. 

Absorption capacity (g/g) = (W1 (g) - W0 (g) - weight of crosslinked polymer (g)) /weight of crosslinked polymer (g) 

(c) Soluble content of crosslinked polymer 

40 

[0030] About 0.5 g of a crosslinked polymer was dispersed into 1000 g of deionized water and then, after stirring for 
16 hours, filtrated with a fitter paper. Next, 50 g of the obtained filtrate was placed into a 100 ml beaker, and 1 ml of a 
0.1 N-aqueous sodium hydroxide solution, 10 ml of an N / 200-aqueous methyl glycol chitosan solution and 4 drops of 
a 0.1 % aqueous Toluidine Blue solution were added to the above filtrate. Next, a colloidal titration of the solution in the 

45 beaker was carried out by using an N / 400-aqueous potassium polyvinylsulfate solution, and the time when the color 
of the solution changed from blue to purplish red was regarded as the end of the titration, thus measuring the titration 
amount A (ml). Also, the same operation was carried out by using 50 g of deionized water instead of 50 g of the filtrate, 
thus measuring the titration amount B (ml) as a blank Then, according to the next formula, the soluble content (weight 
%) was calculated from the titration amounts A and B and the molecular weight C of the monomers constituting the 

so crosslinked polymer. 

Soluble content (weight %) = (B-A) x 0.005/ weight (g) of crosslinked polymer x C 
PRODUCTION EXAMPLE 1 

55 

[0031] An aqueous monomer solution, comprising 467.7 g of acrylic acid, 1832 g of sodium acrylate, 6.33 g of poly- 
ethylene glycol diacrylate and 4228 g of water, was provided to a reactor having a structure such that a cover was 
equipped to a stainless twin-arm type kneader (made by Koike Tekko Limited Liability Company) of 10 L in capacity hav- 
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monomer solution was kept at 24 -C. Next. 182 9 «**£Z**JZ£^Zi. kneader was stirred, thus carrying 
dSer was about 3 mm and the water content was about 63 we.ght %. 
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the inner part of the particles were occupied by a rice-cake-like undried gel Therefore, the half-dried product (10) could 
not be disintegrated roughly in usual methods, and even the subsequent drying in a stirred or f luidized state could not 
be carried out The water content of such a half -dried product (10) was 20.9 weight %. 

5 COMPARATIVE EXAMPLE 2 

[0039] A comparative crosslinked polymer (11) was obtained in the same way as of Example 1 except that the drying 
of the particulate half-dried product (3) was yet successively carried out in a static state with a hot wind of 200 °C for 8 
minutes using the same through-flow batch type drying machine. The water content of the comparative crosslinked pol- 
w ymer (11) was 4.0 weight %. Further, the absorption capacity and the soluble content of the obtained conparative 
crosslinked polymer (11) were measured and the results thereof are shown in Table 1. As for the comparative 
crosslinked polymer (1 1), the deterioration during the drying was remarkable and. when absorbing water, the polymer 
fell into roped and slimy condition. 

is COMPARATIVE EXAMPLE 3 

[0040] The same procedure as of Example 3 was carried out except that the half-dried product (6) like a coarse grain 
aggregate, obtained by the drying in a static state, was not roughly disintegrated, and that its drying was yet succes- 
sively carried out in a static state with a hot wind of 1 70 °C for 23.5 minutes using the same through-flow drying appa- 
20 ratus. The resultant dried product was finely ground with a laboratory vibration mill and then classified into a particle 
diameter of 75-850 jim, thus obtaining a comparative crosslinked polymer (12). The water content of the comparative 
crosslinked polymer (12) was 4.4 weight %. Further, the absorption capacity and the soluble content of the resultant 
comparative crosslinked polymer (12) were measured and the results thereof are shown in Table 1 . 

25 COMPARATIVE EXAMPLE 4 

[0041] The aggregated half-dried product (2), obtained in Example 1 , was roughly disintegrated with a hammer into 
an average particle diameter of 25 mm. An attempt was made to dry the disintegrated product in a f luidized bed in the 
same way as Example 3. However, the disintegrated product was not f luidized with a hot wind. 
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Water content (weight %) 


Absorption capacity (g/g) 


Soluble content (weight 
%) 


Example 1 


4.6 


51 


13.1 


Example 2 


4.4 


50 


12.9 


Example 3 


4.1 


51 


13.7 


Example 4 


4.0 


52 


14.2 


Comparative Example 1 


20.9 


Drying by Stirring or fluidizing was impossible. 


Comparative Example 2 


4.0 


82 


40 


Comparative Example 3 


4.4 


48 


18.0 



[0042] Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, 
the foregoing description of the preferred embodiments according to the present invention is provided for the purpose 
of illustration only, and not for the purpose of limiting the invention as defined by the appended claims and their equiv- 
so alents. 

Claims 

1 . A production process of a hydrophilic crosslinked polymer, comprising the steps of polymerizing an aqueous solu- 
55 tion including a hydrophilic monomer and a crosslinking agent to obtain a hydrogel crosslinked polymer, and drying 
the hydrogel crosslinked polymer, thus obtaining the hydrophilic crosslinked polymer, 

with the process being characterized in that: the hydrogel crosslinked polymer is dried in a static state until 
it becomes possible to disintegrate an aggregate of the hydrogel crosslinked polymer; the dried hydrogel 
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crosslinked polymer is disintegrated into a particle size of 20 mm or less; and the disintegrated hydrogel crosslinked 
polymer is dried in a stirred state and / or a fluidized state. 

2. A production process of a hydrophilic crosslinked polymer according to claim 1 , wherein the drying in a static state 
is carried out until the water content of the hydrogel crosslinked polymer becomes 10-20 weight %. 

3. A production process of a hydrophilic crosslinked polymer according to claim 1 or 2, wherein the drying in a static 
state is carried out by a drying method in which the hydrogel crosslinked polymer is brought into contact with a hot 
wind of 120-220 °C. 

4. A production process of a hydrophilic crosslinked polymer according to any one of claims 1 to 3, wherein the drying 
in a stirred state and / or a fluidized state is carried out by a drying method in which the hydrogel crosslinked poly- 
mer is dried while stirred by rotation of a rotor. 

5. A production process of a hydrophilic crosslinked polymer according to any one of claims 1 to 3, wherein the drying 
in a stirred state and / or a fluidized state is carried out using a fluidized bed. 
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